Introduction: Recognition of sex is an important aspect of identification of an individual. Apart from pelvis, skull exhibits highest sexual dimorphism in the human body. Lateral cephalograms are an invaluable tool in identification of sex as they reveal architectural and morphological details of the skull on a single radiograph. The equipment required for lateral cephalometry is readily available and the technique is costeffective, easy to perform, offers quick results, reproducible and can be implemented in any special training for the forensic examiner. The present study was undertaken to evaluate the role of lateral cephalograms and the nine cephalometric variables in the identification of sex and also to derive a discriminant function equation for identification of sex.
INTRODUCTION
The forensic and anthropological research is based on a set of physical characteristics that are unique to every individual. 1 The recognition of sex forms an important aspect in the individual identification. 2 Sexual dimorphism is the expression of secondary sexual characteristics that are defined after puberty and during adolescent years. 2, 3 Skull is only next to pelvis in the sexual discrimination of the human body. [4] [5] [6] [7] However, the reliability of skull in the identification of sex is questionable until adolescence. [8] [9] [10] Further, it has been reported that a single character cannot be deterministic of sex; precise identification depends on a
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group of diagnostic traits which exhibit population specificity. 8, 9 The studies conducted to identify the sex of individual using anthropometric measurements of skull have claimed accuracy of 77 to 92%. 8, [11] [12] [13] Whereas, investigations carried out for the determination of sex using skull radiographs have claimed accuracy of 80 to 100%. 5, [7] [8] [9] 14 The lateral cephalogram reveals architectural and morphological details of the skull on a single radiograph, thereby providing additional characteristics and multiple points for comparison. 7, 9 The equipment required for lateral cephalometry is readily available and the technique is costeffective, easy to perform, offers quick results, reproducible and easily implemented in any special training for the forensic examiner. 9 The lateral cephalograms are simple and reliable tools which can be routinely used for the forensic and anthropological purposes. With this background, the present study was undertaken to evaluate the role of lateral cephalograms in the identification of sex using nine cephalometric variables and to derive a discriminant function equation to determine sex of individuals belonging to South Indian population.
MATERIALS AND METHODS
A total of 100 subjects visiting the Department of Oral Medicine and Radiology, MS Ramaiah Dental College and Hospital, Bengaluru, Karnataka, India, participated in the study. Study population included 50 males and 50 females in the age range of 25 to 54 years. Study population comprised of subjects belonging to Karnataka, Tamil Nadu, Andhra Pradesh and Kerala. Individuals with the history of orthodontic and orthognathic treatment, trauma and surgery of the skull, any prolonged illness, clinical features suggestive of endocrinal, hereditary, developmental, nutritional disturbances and facial asymmetry were not included in the study. The purpose of the present study was explained to the study subjects and their consent was obtained. The ethical clearance was obtained from the Ethical Review Committee of the institution.
Lateral cephalograms of the study subjects were obtained by using Planmeca 2002 cc Proline Panoramic unit having teeth in centric occlusion. The radiographic films were processed by manual method. The following nine linear cephalometric variables were derived using a range of (Fig. 1) . Aforementioned cephalometric variables were transcribed onto the acetate sheets by tracing with the help of an X-ray film viewer using 0.5 mm pencil.
The linear variables were measured and the data was entered into the MS-Office 2003, Excel data sheet. The data was subsequently subjected to statistical analysis using the statistical package-intercooled STATA version 9.2. Discriminant function analysis was used to assess the efficacy of the selected cephalometric variables in the discrimination of the two sexes. Discriminant function equation was derived with a centroid point which divided the score into male and female groups with minimum overlap and the accuracy of the derived function was determined.
RESULTS
The age-wise distribution of the male and female study subjects into 25 to 34, 35 to 44 and 45 to 54 years was not statistically significant. Hence, further analysis was carried out by the union of all the three age groups. The average measurements, standard deviation (SD) and coefficient of variation (CV) among males and females are presented in Table 1 .
The nine cephalometric variables were subjected to discriminant function analysis to test their efficacy in differentiating the two sexes. As shown in Table 2 , out of nine variables used seven were useful in the discrimination of sex (p < 0.05). It was noted that Ma-SN, Ba-ANS, N-M and Ma-FH emerged as major variables in the determination of sex. Results also indicated that N-ANS, Ba-N and MaHt were the least reliable variables to determine sex. The variables Fs-Ht and Ma-Wd were not useful in discrimination of sex among the study subjects. Since, the F-value for D2 was significant at 5% level, the discriminant function was highly significant and therefore all the seven variables were useful in determination of sex. A discriminant function equation was derived using the coefficient of cephalometric variables (Table 3 ). Functions at group centroids were 0 to ± 1.22, with 0 to 1.22 being males and 0 to -1.22 being females (Table 4 ). The reliability of the derived discriminant function was assessed among the study subjects; 88% of the males were recognized as males and 84% of the females were recognized as females, with centroids score being 86% (Table 5) .
DISCUSSION
Identification of sex of an individual is one of the most important aspects of medicolegal cases and anthropological research. Availability of simple, economical, quick and accurate modalities can drastically reduce the time taken in the identification of individuals, thus shortening the legalities associated with the same. Usually, skull is either used alone or in conjunction with pelvis to determine sex of unknown skeletal remains. Cephalograms are favored for craniofacial assessment as they are more objective, standardized and reproducible. 3, 15 At the same time, cephalometry is associated with inherent magnification error. 15 However, Hsiao et al (1996) and Patil (2005) claimed 100 and 99% accuracy respectively in sex discrimination and demonstrated that magnification is not a drawback if it is generalized over all the parameters and the subjects. 7, 14 The cephalometric variables used in the present study were considered based on the evidences of previous studies that have reported high accuracy in determination of sex using a discrete number of morphological features of the cranium. 7, 10, 14, 16 It has been reported that the skeletal characteristics are age-related phenomena which appear or become pronounced at puberty and many are affected by senility. 3, 5 Hence, in the present study the lower limit of the age was set at 25 years, as the craniofacial growth is complete by this age, and the upper limit of the age was laid down at 55 years.
In the present study, it was noted that Ma-SN, Ba-ANS, N-M and Ma-FH were the major variables in determination of sex. These results are consistent with the findings of De Paiva (2003) and Patil (2005) . 7, 10, 17 The variables Fs-Ht and Ma-Wd were not useful in discriminating the sex of the study subjects which is in agreement with the results of Hsiao et al (1996) but is not consistent with the findings of Patil (2005) . 7, 14 Ma-SN, Ma-FH and Ma-Ht were the major contributors for sex determination in the present study, which is in conformity with the conclusions of Paiva (2003) and Kemkes (2006) who studied the dimorphism of the mastoid process between the sexes. 10, 17 They concluded that the mastoid process is the most protected and resistant structure to damage, even in the cases of burning, due to its anatomical position at the base of skull and its compact nature. Thus, this anatomical region is favorable for sex determination especially when multiple measurements are carried out.
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Chang et al (1993) and Rogers (2005) reported that although the craniofacial growth pattern among the two sexes is essentially the same, sexual dimorphism observed is the result of early attainment of skeletal maturity in females as compared to males. 18, 19 Further, there is variation in the growth of the different parts of the skull, with sexual differences being best defined in late growing structures of the skull, such as lower facial region, facial depth and mastoid process. 18, 19 On the other hand, cranial base and upper face are middle growing regions in which some sexual differences can be evident, but are not likely to be the most distinctive. 18, 19 Results of the present study are consistent with these findings as all the linear measurements were greater in males as compared to females. Ma-SN, Ma-FH, facial depth (Ba-ANS) and total facial height (N-M) emerged as major contributors of sexual dimorphism whereas upper facial height (N-ANS) and cranial base (Ba-N) were least reliable for sex discrimination.
The derived discriminant functional equation in the present study was 86% accurate in differentiating the male and female subjects. Franklin et al (2005) reported an accuracy of 77 to 80% in sexual discrimination using eight cephalometric parameters. 20 Naikmasur et al (2010) claimed accuracy of 81.5 and 88.2% respectively by comparing the reliability of craniomandibular parameters in South Indian and Indian immigrant of Tibetan populations using 11 variables on lateral and posteroanterior cephalograms. 9 Hsiao et al (1996) studied 100 lateral cephalograms of Taiwanese origin and claimed 100% accuracy in sex determination using 18 cephalometric parameters.
14 Similar study conducted by Patil (2005) on central Indian population showed an accuracy of 99% considering 10 cephalometric variables. 7 The disparity in the findings of different studies may be explained by the use of varying number of parameters in the determination of sex.
CONCLUSION
As the skeletal structure of the human being is influenced by number of environmental factors, specific standards of assessment must be drawn and applied to a particular population under consideration. The derived discriminant function equation can be useful in the identification of sex of human remains pertaining to South Indian population. The findings of the present study confirm the role of lateral cephalograms and the nine cephalometric parameters in the identification of sex. Further studies should be conducted to evaluate the role of lateral cephalogram and the nine cephalometric parameters among different populations of the world.
